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ABSTRACT 
A single intravenous injection of 0.1 mg of heat-killed Bacillus Calmette Gu6rin (BCG) in 
0.1  ml of Bayol F produced an accumulation of activated alveolar macrophages (BCG in- 
duced).  Ceils  were collected 3.5-4.0 wk after injection. Phospholipases A  and three lyso- 
somal marker enzymes (acid phosphatase,/3-glucuronidase, and lysozyme) were measured 
in homogenates, and the distribution of the phospholipases A and lysosomal,  mitochondrial, 
and microsomal marker enzymes were examined after sucrose  gradient centrifugation of a 
postnuclear (1,000 g) supernatant. Homogenates of normal and BCG-induced macrophages 
contained phospholipases A1 and As which had optimal activity at pH 4.0 in the presence 
of 2.0 mM ethylenediaminetetraacetate (EDTA). These activities were inhibited 50-70% 
by 2.0 mM CaCI2. Homogenates of BCG-induced macrophages had specific  activities of 
/3-glucuronidase, acid phosphatase,  and lysozyme, which were  increased  1.5-  to  3.0-fold 
over the controls, whether expressed  as  activity per mg protein or activity per  107 cells. 
The specific activities of the phospholipases A, on the other hand, were consistently lower 
than those of the control. Distribution of the phospholipases A and the lysosomal marker 
enzymes after sucrose gradient centrifugation suggested  that the phospholipases A active at 
pH 4.0 in the presence of EDTA are of lysosomal origin since: (a) BCG treatment caused a 
selective  increase in the density of particles which contained both the phospholipases A 
and three lysosomal marker enzymes; and (b) since the density of mitochondria and micro- 
somes were not affected  by BCG treatment. The increase in the density of lysosor~es seen 
here may be related to previously described morphologic changes of BCG-induced alveolar 
macr0phages. 
INTRODUCTION 
Recently,  Franson  et  al.  (1972)  reported  the 
presence  of  lysosomal  phospholipases  AI  and 
A2  in  rat  myocardial  preparations.  These  en- 
zymes were  active at  pH  4.0  in the  presence of 
ethylenediaminetetraacetate  (EDTA)  and  their 
activities were  similar to  phospholipase activities 
found in rat liver lysosomes  with  regard  to  pH 
optima,  positional specificity,  and  inhibition by 
Ca  2+  (Franson  et  al.,  1971).  Since  lysosomes 
from  both  rat  heart  and  rat  liver  which  con- 
tained  these  phospholipases  A  shifted  in  dis- 
tribution on sucrose  gradients as a result of treat- 
ment  with  Triton  WR-1339,  as  did  those  par- 
ticles  which  contained  acid  phosphatase  and 
/3-glucuronidase, it was  suggested  that  the  phos- 
pholipases A  active in heart preparations were of 
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The  Hoagland Medical 13b  macrophage  origin.  Indeed,  phospholipases  A 
with similar characteristics were  found in normal 
rabbit alveolar macrophages,  and  these  activities 
were  presumed  to  be  localized  in  macrophage 
lysosomes. 
In this work, alveolar macrophages from normal 
and  Bacillus  Calmette  Gu6rin-  (BCG)  induced 
rabbits  were  used  to  determine  the  subcellular 
localization  of  the  phospholipases  A.  Phospholi- 
pases  A  activity  and  three  lysosomal  marker  en- 
zymes  (acid  phosphatase,  /3-glucuronidase,  and 
lysozyme)  were  measured  in  homogenates  of 
normal  and  BCG-induced  alveolar  macrophages. 
The  distribution  of  these  enzymes  and  marker 
enzymes  for  mitochondria  and  microsomes  were 
determined  after  sucrose  gradient  centrifugation 
of a  postnuclear  supernatant.  In  homogenates  of 
BCG-induced  macrophages,  the  specific  activ- 
ities  of  the  lysosomal  marker  enzymes  were  1.5- 
to  3.0-fold  greater  than  those  of  the  control, 
while  the  specific  activities of the  phospholipases 
A1 and A2 were less than  the control values.  This 
suggests that BCG induction caused accumulation 
of  some,  but  not  all,  of  the  lysosomal  proteins. 
Distribution  of  the  phospholipases  A  and  the 
lysosomal  marker  enzymes  after  sucrose  gradient 
centrifugation  demonstrated  that  the  phospho- 
lipases  A1  and  As  are  of  lysosomal  origin  since 
BCG  treatment  caused  a  selective  increase  in 
the  density  of lysosomes  which  contain  both the 
phospholipases A  and the three lysosomal marker 
enzymes.  Marker  enzymes  for  mitochondria  and 
microsomes  indicated  that  the  densities  of  these 
organelles  were  not  affected  by  BCG  treatment. 
The  increase  in  lysosomal  density  of  BCG- 
induced macrophages may be related to morpho- 
logic  changes  previously  described  (Leake  and 
Myrvik,  1968). 
MATERIALS  AND  METHODS 
Vaccination and Collection 
New Zealand white rabbits (1.5-2.0 kg) were given 
a  single injection of 0.1  mg heat-killed BCG in Bayol 
F  (0.1  ml) into the marginal ear vein. Animals were 
killed by air embolism at 3.5~t-.0 wk postvaccination. 
Alveolar macrophages were collected from the lung 
by lavage with sterile isotonic saline (Myrvik et ah, 
1961).  Cultures  were  done  on  nasal  swabs  before 
vaccination and directly before sacrifice, and cultures 
were taken of the cell wash after sacrifice to determine 
the presence or  absence and degree  of bacterial in- 
fection due to Bordetella bronchiseptica. Grossly infected 
animals, or lungs which yielded abnormal numbers of 
cells,  were not used in the experiments described.  A 
yield of 0.1-0.3 ml of packed cells was obtained from 
each  normal lung  (8-10 g).  The  packed  ceils from 
ten normal lungs were pooled before homogenization 
(control  group).  1-2  ml  of  packed  cells  per  lung 
(15-25 g) was obtained as a result of BCG treatment. 
Wright  smears  indicated  that  80-90%  of  the  cells 
from BCG-treated lungs were macrophages. Viability 
studies based on the exclusion of trypan blue showed 
that greater than 85% of the cells were viable. 
Cells  were washed  from  the  lung  with  60  ml  of 
sterile isotonic saline and were centrifuged at 800 rpm 
(100 g) for 5 min. Packed cells were twice resuspended 
and  washed with  isotonic saline and  centrifuged  at 
800  rpm  (100g)  for  5  min.  The  packed  cells were 
then resuspended  in  8.0  ml  of 0.25 M  sucrose  and 
homogenized  with  a  Potter-Elvehjem  homogenizer. 
Cell disruption was monitored by phase microscopy. 
After  cell  collection,  all  steps  were  performed  at 
0°-4°C.  Nuclei, cell debris, and the remaining intact 
cells were sedimented by centrifuging the homogenate 
at 1,000g for 10 min. 4 ml of the 1,000g supernatant 
was layered above 24 ml of a  linear sucrose gradient 
from 0.73 to  1.61  M  sucrose. 6  ml of 1.93  M  sucrose 
were used as a cushion at the bottom of the tube. The 
samples were centrifuged  at  24,000  rpm  (64,000 g) 
for 2 h in a Beckman SW 25.1  swinging-bucket rotor 
(Beckman Instruments, Inc., Spinco Div., Palo Alto, 
Calif.).  Fractions were collected from the top of the 
centrifuge tube by puncturing the bottom of the tube 
and  pumping  1.93 M  sucrose from below.  The first 
4.0 ml pumped from the gradient, fraction S,  repre- 
sents the amount of sample applied  to the gradient. 
Thereafter,  eight fractions of 3.0  ml  each were col- 
lected.  Enzyme assays were performed with aliquots 
of the homogenate and gradient samples which were 
dialyzed  for  12  h  against  6  liters  of  1  mM  sodium 
acetate buffer  at  pH  5.0  which  ruptured  lysosomes 
and removed sucrose. 
The  1,000g  supernatant fluid  contained 40-60% 
of the  enzymatic  activities of the  homogenate,  and 
this  fraction  exhibited  typical  enzymatic  latency 
when  lysosomes  were  ruptured.  A  2-  to  3-fold  in- 
crease  in  enzymatic  activities  was  observed  in  the 
soluble  fraction  when  lysosomes  were  frozen  and 
thawed  (eight times), sonicated, or dialyzed. Dialysis 
was  the  method  of  choice  in  this  study  since  this 
treatment resulted in the maximal recovery of phos- 
pholipase A  activity.  85-98%  of the five enzymatic 
activities  applied  to  the  sucrose  gradient  was  re- 
covered in the gradient fractions. 
Enzyme Assays 
Phospholipase A was assayed as described by Waite 
and  van Dccncn  (1967).  Phospholipases A1  and  A2 
specifically hydrolyze the fatty acid estcr linkages in 
thc  C-1  and  C-2  positions of phospholipids,  respcc- 
tivcly, to yield frce fatty acid  (FFA) and their mono- 
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1.0  ml  contained  (unless otherwise stated)  75  nmol 
of  1-acyl-2-[ 14C]linoleoyl-3-gb/cerophosphoryletha  - 
nolamine  (12,000  cpm  added  as  an  aqueous  ultra- 
sonic  suspension),  2  #mol  of EDTA  or  2  #mol  of 
CaC12,  100  #mol  of sodium  acetate buffer pH  4.0, 
and  25-100  ~zg  of protein.  Reaction  mixtures  were 
incubated  for  20  min  at  37°C.  Preliminary  studies 
showed  that  the  reaction  was  linear  for  45  rain. 
Reactions were stopped by adding 2 vol of methanol, 
and  the products  were  extracted  by  the method  of 
Bligh  and  Dyer  (1959).  Radioactive  lipids  were 
separated by thin-layer chromatography on silica gel 
G  plates which were first developed in chloroform: 
petroleum ether : (bp 63 °-75 °C) acetic acid (70: 30 : 2 
vol/vol)  and  then  in  chloroform:methanol:H20 
(70:30:4  vol/vol).  Chromatograms  were  stained 
with  I2  vapor  and  those portions  of the silicic acid 
gel  that contained the radioactive compounds were 
each placed in scintillation vials containing Omnifluor 
(Pilot Chemicals Inc., Div., Watertown,  Mass.)  and 
counted. 
Acid  phosphatase  (E.C.3.1.3.2)  was  determined 
by  the  method  of  Gianetto  and  de  Duve  (1955), 
using  /3-glycerophosphate  as  substrate.  Inorganic 
phosphate was  measured  by  the  turbidimetric pro- 
cedure  of  Eibl  and  Lands  (1969).  /3-glucuronidase 
(E.C.3.2.1.3)  was  determined  by  a  modification  of 
the method of Talalay et al.  (1946),  as described by 
Canonico and Bird  (1969).  Lysozyme (E.C.3.2.1.17) 
was  measured  by  the  decrease  in  optical  density 
(OD)  at  450  nm,  using  Micrococcus lysodeikticus as 
substrate  (Shugar,  1952).  Nicotinamide adenine di- 
nucleotide  phosphate  (NADPH)  cytochrome  c 
reductase  (E.C.1.7.99.1)  and  cytochrome  oxidase 
(E.C.1.9.3.1)  were measured by the method  of Sot- 
tocasa  et al.  (1967).  Protein was  determined by the 
method  of Lowry  et al.  (1951), using  bovine serum 
albumin as a standard. 
Materials 
We  synthesized  l-acyl-2-[14C]linoleoyl-3-glycero  - 
phosphorylethanolamine and  1-[3HJpalmitoyl-2-acyl- 
3-glycerophosphorylethanolamine  by  the  procedure 
of  Waite  and  van  Deenen  (1967).  The  2-acyl-3- 
glycerophosphorylethanolamine which  was  used  as 
the  substrate  for  the  preparation  of  the  tritium- 
labeled  phosphatidylethanolamine was  prepared  by 
hydrolysis  of  rat  liver  phosphatidylethanolamine 
with  phospholipase  A1  from  rat  liver  lysosomes 
(Franson  ¢t  al.,  1971).  Heat-killed  BCG  was  the 
generous gift of Dr.  Quentin Myrvik.  All substrates 
for the marker enzymes were purchased from Sigma 
Chemical Co., St. Louis, Mo. 
RESULTS 
Fig.  1  shows  the  pH  for  optimal  phospholipase 
A  activity  in  homogenates  of  normal  and  BCG- 
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FIGURE 1  Optimal pH for phospholipase A activity of homogenates of normal and BCG-induced alveolar 
macrophages. Incubation mixtures contained 50-75 #g of protein,  50  nmol of  1-acyl-~-[14C]linolcoyl-3- 
glycerophosphorylcthanolamine (1£,000 cpm), 100 gmol of sodium acetate buffer, and ~/zmol of EDTA 
or CaC12 in a total volume of 1.0 ml. Reaction mixtures were incubated at 87°C for ~0 rain. The designa- 
tions are ~-[14C]linoleoyl-3-glycerophosphorylethanolamine (A) and [uC]linoleic acid (®). All values have 
been corrected for nonenzymatic hydrolysis of substrate. 
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Specific Activities of Acid Phosphatase, ~-Glucuroni- 
dase, Lysozyme,  and Phospholipases A1  and As  in 
Homogenates of Normal and BCG-Induced Alveolar 
Macrophages 
Specific activities 
Activitg/mg protein  Activity/107  cells 
Normal  BeG  Normal  BCG 
Acid phospha-  48  93  56  116 
tase 
fl-glucuroni-  68  111  83  176 
dase 
Lysozyme  3.2  8.2  6.8  20.1 
Phospholipase  60  40  1 l0  98 
A1 
Phospholipase  82  50  140  105 
A2 
Assay  procedures  were  described  in  Materials 
and  Methods.  Enzymatic  activity  is  defined  as 
follows: acid phosphatase, nmol of product formed 
per rain; fl-glucuronidase, nmol of product formed 
per h; lysozyme, A  OD at 450 nm/min X  100; and 
phospholipases  A,  nmol  of  product  formed  per 
min.  Specific  activity  is  expressed  as  activity  per 
mg of homogenate protein or activity per 107 cells 
homogenized. 
induced  alveolar  macrophages.  In  these  prepa- 
rations  two  phospholipases,  At and A2,  have op- 
timal activity at pH 4.0 in the presence of 2  mlV[ 
EDTA.  These  activities  are  inhibited  50-70% 
by  2  mM  CaC12.  The  amount  of  [14C]linoleic 
acid  released  is  generally  2-  to  3-fold  greater 
than  the  [l*C]monoacylglycerophosphorylethanol- 
amine  released.  This  difference  could  be  the 
result of either a  phospholipase A2  which is more 
active  than  a  phospholipase A1,  or  could  be  due 
to  the  concerted  action  of  a  phospholipase  A1 
and a  lysophospholipase.  To  determine the speci- 
ficity  of  the  enzymes  in  these  preparations,  we 
incubated both control and BCG-induced macro- 
phage  homogenates  with  a  mixed-labeled  sub- 
strate  (1 -[aH]palmitoyl-2-[14C]linoleoyl-3-glycero- 
phosphorylethanolamine).  30%  of  the  mixed- 
labeled  substrate  was  degraded  and  70-90%  of 
the products formed  was FFA.  These incubations 
gave rise to  both [~H]- and  [14C]monoacylglycero- 
phosphorylethanolamines,  which  confirms  the 
presence  of  both  phospholipases  A1  and  A2  in 
these  preparations.  However,  most  (70-90%) 
of both monoacylglycerophosphorylethanolamines 
were  further  hydrolyzed,  which  indicates  lyso- 
phospholipase  activity  in  macrophages  which 
has  been  previously  described  (Elsbach  et  al., 
1966; Franson et al.,  1972). 
The  specific  activities  of  acid  phosphatase, 
j3-glucuronidase,  lysozyme,  and  the  phospho- 
lipases A1  and A2  in homogenates of normal  and 
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FmvaE  ~  Distribution  of  acid  phosphatase,  /3-glu- 
euronidase,  and lysozyme after  sucrose  gradient  cen- 
trifugation. Homogenates  of  normal  (El)  and  BCG- 
induced (~) alveolar macrophages were centrifuged at 
1,000 g for 10 min and 4.0 ml of the 1,000 g supernatant 
fluid was layered above a continuous sucrose gradient. 
Fraction S represents the volume of  1,000 g supernate 
applied  to  the  gradient,  and  fractions  1-8  are  the 
gradient fractions  (3.0  ml each)  from the  top  to  the 
bottom of the gradient. Enzymatic activity is expressed 
on the ordinate as the total activity of  each fraction 
divided  by the  total  activity recovered in the  entire 
gradient times 100. 
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There  was  considerable  variation  from  animal 
to  animal with  BCG  treatment,  which  is  prob- 
ably due to differences  in the degree of response 
to  BCG.  With  the  control  animals,  variability 
was  minimized since  the  alveolar  macrophages 
from ten normal rabbits were  pooled  before ho- 
mogenization. For this reason, macrophages from 
control  and  BCG-treated  rabbits  were  always 
compared.  In six different experiments a  similar 
trend was  noted,  and we  present data from one 
study which is representative of this trend. When 
expressed  as  either  activity  per  mg  protein  or 
activity per 107 cells, the specific activities of acid 
phosphatase,  ~-glucuronidase, and  lysozyme are 
1.5- to  3.0-fold  greater in homogenates or BCG- 
induced  macrophages  than  in  homogenates  of 
normal  macrophages.  On  the  other  hand,  the 
specific  activities  of  the  phospholipases  A  in 
homogenates of BCG-induced macrophages were 
consistently  lower  than  control  values.  These 
data  suggest  that  specific  lysosomal  proteins  of 
macrophages are synthesized in response to BCG 
stimulation. 
Since the substrate used in most phospholipase 
A  assays  was  2@4C]acyl-phosphatidylethanol- 
amine,  the  release  of [IaC]FFA  represents  maxi- 
mal phospholipase A2 activity as well as lysophos- 
pholipase  activity;  and  the  release  of  [14C]lyso- 
phosphatidylethanolamine  represents  minimal 
phospholipase A1 activity. It was  not possible  to 
selectively  inhibit  lysophospholipase  activity 
with  deoxycholate  (DOC)  since  DOC  inhibited 
both phospholipases A  activities also. 
Fig.  2  shows  the distribution of acid phospha- 
tase,  /3-glucuronidase, and lysozyme after sucrose 
gradient  centrifugation  of  control  and  BCG- 
induced  preparations  (1,000  g  supernatant). 
In the control, fractions 4-6 (average sucrose den- 
sity  1.18) contain the  majority (52-67%)  of the 
three  lysosomal marker enzymes. As  a  result  of 
BCG treatment, however, there is  an increase in 
the density of lysosomes  which contain acid phos- 
phatase, ~5-glucuronidase,  and lysozyme. The rel- 
ative recovery of lysosomal marker enzymes is 2- 
to 4-fold increased in fractions 7  and 8 (average 
sucrose  density  1.23) while  a  concomitant  de- 
crease in recovery is noted in fractions 4-6. The 
increased B-glucuronidase activity in the  S  frac- 
tion is probably from ruptured lysosomes. 
The distribution of the phospholipases A1 and 
A2 after sucrose  gradient centrifugation is shown 
in Fig.  3.  Fractions  4-6  of  the  control  contain 
most  of  the  phospholipase  A  activity recovered 
(56 %).  As a  result of BCG treatment, lysosomes 
which  contain  the  phospholipases  A  are  more 
dense and are found in fractions 7 and 8,  There 
is a 2.5-fold increase in the phospholipase A activ- 
ity recovered in fractions 7 and 8, while there is a 
concomitant decrease in the recovery in fractions 
4-6.  Since the particles which contain the phos- 
pholipases A  shift  in distribution as did the lyso- 
somes  which contain acid  phosphatase,  /!/-glucu- 
ronidase,  and  lysozyme  (Fig.  2),  these  data  are 
consistent with  a  lysosomal origin for  the  phos- 
pholipases.  However,  it  is  not possible  to  deter- 
mine  if the  lysosomal enzymes  are  equally  dis- 
tributed  in  all  BCG-induced  granules  since  all 
the granules from the BCG-induced macrophages 
have sedimented to  the  1.93 M  sucrose  cushion. 
To demonstrate that the increase in lysosomal 
density which results from BCG-induction is not 
30 
20 
Phospholipase  A 2 
50 
111  ,o 
S  I  254  567  8 
Phospholipase  A I 
FRACTION 
FIGURE 8  Distribution  of phospholipases A~ and A1 after sucrose gradient centrifugatlon. Centrifugation 
of the homogenates of normal (~) and BCG-induced (m) alveolar maerophages and expression of enzyme 
activity are described in the legend of Fig. ~. 
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FIGURE  4  Distribution  of  cytochrome  oxidase, 
NADPH  cytochrome c  reductase,  and  protein  after 
sucrose gradient  centrifugation. Centrifugation  of the 
homogenates of normal  (O)  and  BCG-induced  (,) 
alveolar macrophages and expression of enzyme activity 
are described in the legend of Fig. £. 
due  to  a  general  increase  in  the  density of all 
organelles, the isopycnic sedimentation of marker 
enzymes  for  mitochondria and  microsomes  was 
determined.  Fig.  4  illustrates  that  there  is  no 
significant change  in  the  distribution of  micro- 
somes  (NADPH  cytochrome  c  reduetase)  or 
mitochondria  (cytochrome  oxidase)  in  fractions 
4-8. The recovery of protein in normal and BCG- 
induced  preparations  is  compatible  with  the 
increase in lysosomal density and the distribution 
shift  of lysosomal enzymes  (Figs.  2,  3). 
DISCUSSION 
Lysosomal  phospholipases  A  presumably  func- 
tion  to  degrade  phospholipids  contained  within 
phagocytic  and  autophagic  vacuoles.  While 
homogenates  of  alveolar  macrophages  were  re- 
ported  to  have  phospholipase  activity  (Elsbach, 
1966),  the subcellular localization of this activity 
is unknown. 
The  data  presented  here  are  consistent with 
the  hypothesis that  the  phospholipases A  are  of 
lysosomal origin.  Phospholipases A  with  similar 
characteristics  (positional specificity,  pH  optima, 
and inhibition by Ca  ~+)  have been demonstrated 
in rat liver and rat heart preparations (Franson 
et al.,  1971, 1972).  In  both cases,  the  lysosomes 
which contained the phospholipases were isolated 
by decreasing their density by in vivo treatment 
with Triton WR-1339. It was suggested  (Franson 
et al.,  1971, 1972), that the cells which contained 
the  Triton-filled lysosomes  were  phagocytes  and 
had  an  origin  common to  that  of  the  alveolar 
macrophages  (Boak  et al.,  1968).  Other workers 
have  used  dextran-500  which  was  phagocytized 
to increase lysosomal densities and thus facilitate 
the  separation  of  lysosomes  from  mitochondria 
with  which  they  normally sediment  (Canonico 
and  Bird,  1970).  In this  study,  BCG  treatment 
resulted in an increase in the  density of macro- 
phage granules which contained acid phosphatase, 
fl-glucuronidase, lysozyme, and the phospholipases 
A1 and A2 (Figs.  2, 3). The increase in density in 
this case,  however, is probably not due to the in- 
tracellular  accumulation of  BCG  or  its  compo- 
nents since  such  small  amounts  of  BCG  in  oil 
produce  density  changes  in  lysosomes  which 
persist for at least 8 wk; and it has been suggested 
by  Leake  and  Myrvik  (1968)  that  a  sensitivity 
mechanism is operative. 
In  normal  rabbits  the  intravenous  injection 
of 0.1  mg of heat-killed BCG in oil results in the 
formation of granulomatous lesions  in  the  lung 
and  an  accumulation of activated  macrophages 
in the alveolar spaces  (Myrvik et al.,  1962). Acti- 
vated  macrophages  have  higher  levels  of  acid 
hydrolase  activities  and  greater  antimicrobial 
activity  than  do  immature  and  relatively  un- 
differentiated  macrophages.  Leake  and  Myrvik 
(1968)  reported  a  2-  to  4-fold  increases  in  the 
lysozyme content of BCG-induced rabbit alveolar 
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the  same  conditions  for  macrophage  activation, 
we  found  a  comparable  increase  in  homogenate 
specific  activities  of  acid  phosphatase  and  /3- 
glucuronidase,  as  well  as  lysozyme  (Table  I). 
Yet,  a  decrease  was  noted  in  the specific activity 
of  the  phospholipases  A.  If  phospholipases  are 
not inactivated or secreted into the medium dur- 
ing  macrophage  activation,  it  would  appear 
that  some  selective process  occurs  in  the  synthe- 
sis  of lysosomal  proteins  during  macrophage  in- 
duction which does not involve the phospholipases. 
Also,  dialysis  as  a  means  of rupturing  lysosomes 
could  alter  the  observed  phospholipase  activities 
by  removal  of  an  inhibitor  or  by  inactivating 
less protein.  Cohn and  Weiner  (1963)  and  Mizu- 
hoe  and  Dannenberg  (1965)  found  variable  re- 
sponse  of  enzyme  content  in  BCG-induced  mac- 
rophage  lysosomes.  In  the  latter  case,  both 
lysozyme  and  acid  phosphatase  activities  were 
increased  20-500-/0  over control  values  at  2-3 wk 
after  an  intravenous  injection  of 40  mg  of BCG 
(2-20-mg  doses).  On  the  other  hand,  Mizunoe 
and  Dannenberg  (1965)  found  that  the  cellular 
content  of  a  nonspecific  lipase  was  decreased. 
It  is  possible  that  the  phospholipases  described 
here  may  have  nonspecific  lipase  activity. 
An  increase  in  the  number  of electron-opaque 
granules  at  3  wk  postvaccination  has  been  dem- 
onstrated  by  Leake  and  Myrvik  (1968).  This 
morphologic  alteration,  as  suggested  by  Leake 
and  Myrvik (1968),  may be due to the storage of 
large  amounts  of  newly  synthesized  proteins 
which  could  account  for  the  increased  lysosomal 
densities found  here.  In this regard,  Sorber et al. 
(1972)  have  demonstrated  that  these  electron- 
opaque  granules  are  found  in  sucrose  gradient 
fractions  7  and  8  in  preparations  from  BCG- 
induced  macrophages.  It is not possible  to deter- 
mine whether  the denser  lysosome produced  as a 
result of BCG treatment is due to  (a)  the conver- 
sion  of  primary  lysosomes  to  denser,  secondary 
lysosomes,  or  (b)  the  BCG-induced  synthesis  of 
primary  lysosomes  which  are  more  dense  than 
normal  and  which  have  increased  content  of 
certain  enzymes  (lysozyme,  acid  phosphatase, 
and  /3-glucuronidase),  but  not  others  (lipase  and 
phospholipases). 
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